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(57) ABSTRACT

A protective circuit for an arrangement which includes a
plurality of individual cells in a rechargeable battery pack
with a predefined number of individual cells being connected
in series in a cell row and at least two cell rows being situated
parallel to one another. The component current flowing in a
first cell row when the rechargeable battery pack is subject to
loading is compared with the component current flowing in a
second cell row to generate a signal when there is an implau-
sible deviation in the component currents with respect to one
smother. The signal is used to disconnect a defective cell row
or to switch off the entire rechargeable battery pack in order
to protect the latter.
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1
PROTECTIVE CIRCUIT FOR A
RECHARGEABLE BATTERY PACK

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority of German patent applica-
tion no. 10 2011 121 934.3, filed Dec. 22, 2011, the entire
content of which is incorporated herein by reference.

FIELD OF THE INVENTION

The invention relates to a protective circuit for an arrange-
ment which includes a plurality of individual cells in a
rechargeable battery pack, with a predefined number of indi-
vidual cells being connected in series in a cell row.

BACKGROUND OF THE INVENTION

Rechargeable battery pack arrangements of this kind
which include, for example, chemically lithium-based cells
are used in handheld work apparatus and are intended to
ensure a long service duration of the work apparatus, which is
supplied with energy via the rechargeable battery pack, at a
high power.

A large composite cell is only as good as its weakest cell; if
anindividual cell ages more quickly than another, the cell row
containing the weaker cell is adversely affected as a whole, in
particular, compensation currents can also flow within the
rechargeable battery pack and restrict the performance of the
rechargeable battery pack. If an individual cell is defective,
compensation currents can also flow within the rechargeable
battery pack when no external load is applied to the recharge-
able battery pack. The individual cells in good condition have
a higher degree of self-discharge as a result.

SUMMARY OF THE INVENTION

It is an object of the invention to configure a protective
circuit for an arrangement which includes a plurality of indi-
vidual cells in a rechargeable battery pack in such a manner
that the malfunctioning of one individual cell in the entire cell
arrangement can be identified in a quick and reliable manner
without complicated measurements.

The protective circuit of the invention is for an arrangement
having a plurality of individual ceils in a rechargeable battery
pack, wherein a predetermined number of individual ceils are
connected in series so as to form a cell row and at least a first
and a second cell row are arranged in parallel; the first cell row
is configured to have a first component current flow therein
when a load is applied to the battery pack and the second cell
row is configured to have a second component current flow
therein when a load is applied to the battery pack. The pro-
tective circuit includes: a circuit device configured to com-
pare the first component current with the second component
currant to determine whether an implausible deviation is
present therebetween and generate a signal when an implau-
sible deviation is present.

If at least two cell rows are situated parallel to one another,
a load current of the rechargeable battery pack is divided into
component currents of the cell rows. If the cell rows are
identical, the load current is uniformly divided. In accordance
with the invention, when the rechargeable battery pack is
subject to loading, the component current flowing in a first
cell row at a time point is compared with the component
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current flowing in a second cell row at the same time point; a
signal is generated if there is an implausible deviation in the
component currents.

In the case of a comparison of this kind for implausible
deviations, the measurement signals themselves do not have
to be evaluated, for example by using algorithms, but rather,
for example, simple comparison of the component currents,
which are detected at the same time point, from the parallel
cell rows is sufficient. If the component currents of different
cell rows deviate from one another to a considerable extent,
that is, are different, there must be a fault in one of the cell
rows since only identical current values are plausible on
account of the identical structural design of the cell rows. The
signal is generated in the case of an implausible deviation, the
signal reflecting the deviation in the rechargeable battery
pack from the normal operating state and it being possible, for
example, to use the signal to switch off the rechargeable
battery pack.

A signal is generated in a simple manner when a difference
in the component currents exceeds a predefined limit value;
the difference from the previously standardized component
currents is advantageously calculated. If a difference signal is
formed between the component currents flowing at the same
time point, this difference signal then being compared with a
predefined limit value, an implausible deviation can be iden-
tified. In the case of identical cell rows, the limit value is
predefined at “zero”; if the difference single deviates signifi-
cantly from the limit value, the component currents are no
longer plausible, and a signal is generated.

It can be advantageous to take into consideration the ratio
of'the component currents at a time point t; it is also possible
to draw conclusions about the plausibility of the component
currents directly from the ratio. A permissible, plausible ratio
is, for example, “one”, provided that the component currents
flowing at the same time point are compared in cell rows with
the same construction. If the calculated ratio deviates signifi-
cantly from the expected ratio “one”, the component currents
are no longer plausible, and a signal is generated.

A plausibility comparison is also possible in a simple man-
ner by the mathematical sign of the component currents being
monitored for a change in mathematical sign in relation to one
another. It may also be sufficient to derive the implausible
deviation from a change in the mathematical sign of the same
component current. This can be done, for example, by calcu-
lating the ratio of the component current in a first cell row at
a first time point to the component current of the same first
cell row at a second time point.

Since no absolute values are required for the plausibility
comparison, relative values, which are easy to process, are
calculated by standardizing the detected component currents
with respect to the number of individual cells which are
situated in parallel in a cell row.

A further possible manner of making a plausibility com-
parison is possible by the sum of all the component currents at
a time point being compared with the total current of the
rechargeable battery pack at the same time point. A sum
current is expediently formed from the magnitudes of the
component currents and compared with the total current; if
the sum current and the total current deviate from one another,
the component currents are no longer plausible, and a corre-
sponding signal is generated.

In a particular development of the invention, a maximum
component current is established from ail the component
currents, in particular the standardized component currents,
detected at one time point and used for further evaluation. To
this end, a difference current between the maximum compo-
nent current and each of the other component currents is
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determined in each case and the determined difference cur-
rents are compared with a limit value. If the limit value is
exceeded, a signal is generated.

The component currents or measurement values which
correspond to the component currents are advantageously
supplied to an evaluation unit in which the plausibility is
examined and which emits an output signal in the case of an
implausible deviation.

The signal which is generated by the evaluation unit can be
used as a control signal which actuates a switch. A controlled
switch is expediently provided in each cell row of the
rechargeable battery pack, and therefore a component can be
disconnected separately from the others and the voltage
which is dropped across the switch in a cell row can at the
same time be detected as a proportional variable to a flowing
component current and can be evaluated. As a result, shunt
resistors which are otherwise required for current measure-
ment can be dispensed with.

The switches provided are advantageously electronic
switches, in particular MOSFETs or similar components.

If the rechargeable battery pack is made up of more than
two parallel cell rows, the component currents flowing in all
the cell rows are compared with one another for plausibility.

In a development of the invention, cell connectors are
provided between the individual ceils of a cell row and a cell
connector which is situated at a point in a cell row between the
individual ceils is electrically connected via a compensation
line to the cell connector which is situated at a similar point in
the parallel cell row. The potential of the cell connector which
is connected to the compensation line at the one point in the
one cell row is detected as the first measurement variable. The
potential of the cell connector which is electrically connected
to the compensation line at the same point in the parallel cell
row is likewise detected as a measurement variable. The
detected potentials are supplied to an evaluation unit. In par-
ticular, the detected potentials are evaluated with respect to
one another, with the evaluation result permitting a prediction
to be made about the defective cell at the point in the cell row.
A signal is generated depending on the evaluation, it being
possible to use the signal to control the switches in the
rechargeable battery pack.

The detected potentials of the cell connectors which are
situated at the same point in the parallel cell rows are directly
compared with one another in a simple manner and a differ-
ence voltage is advantageously derived by subtraction, it
being possible to use the value of the difference voltage to
directly drive the switches in the rechargeable battery pack. If
the difference voltage exceeds a threshold value, a signal for
switching off the rechargeable battery pack is output.

The cell rows are advantageously arranged in a housing of
the rechargeable battery pack, with an evaluation unit being
provided in the housing, the potentials of the cell connectors,
which are connected to compensation lines, of the one cell
row and the detected potentials of the associated cell connec-
tors of'a parallel cell row being supplied to the evaluation unit.
The evaluation unit can be designed as a microprocessor and
can evaluate the respectively detected potentials using a cor-
responding algorithm.

A rechargeable battery block advantageously has more
than two cell rows which are electrically parallel to one
another. All the cell connectors which are situated at the same
point in the parallel cell row are advantageously electrically
connected to one another via compensation lines. The poten-
tials of the cell connectors of the last cell row of the parallel
circuit and the cell connectors of the first cell row of the
parallel circuit are detected and evaluated within a parallel
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circuit of the above kind comprising a plurality of cell rows.
The cell rows are expediently the outer cell rows of the par-
allel circuit.

A further, independent invention is formed by the parallel
cell rows of the individual cells forming an imaginary matrix
including m rows of individual ceils and n columns of cell
rows. The row containing a defect can be determined by
comparing the potentials of the cell connectors, and the col-
umn containing the defect can be determined by checking the
plausibility of the component currents of the cell rows. It is
possible to locate the defect within the arrangement which
includes individual ceils in this manner. In this case, a defec-
tive cell row which is established in accordance with the
matrix principle can be disconnected by the switch of the cell
row in a targeted manner.

The signal which is generated by the evaluation unit can
advantageously also be used as a control signal for switching
off the entire rechargeable battery pack by means of one or
more switches.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference to the
drawings wherein:

FIG. 1 shows a schematic of an electrical equivalent circuit
diagram of a rechargeable battery pack;

FIG. 2 shows a schematic of a cell block of the recharge-
able battery pack according to FIG. 1;

FIG. 3 shows a graph for evaluating the detected potentials;

FIG. 4 shows a schematic of a partial electrical equivalent
circuit diagram of a rechargeable battery pack with plausibil-
ity checking of the flowing currents; and,

FIG. 5 shows a flowchart for a plausibility check.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

FIG. 1 shows a rechargeable battery pack 1 which is made
up of a plurality of cell blocks (2, 3). In the embodiment
shown, an identical number of cell blocks (2, 3) are connected
in series in order to form respective cellrows A, B, CorD. The
cellrows A, B, C and D are situated parallel to one another and
are connected to respective terminal poles (15, 16) of the
rechargeable battery pack 1 by way of their respective ends.
The external supply voltage U, is situated between the con-
nection poles (15, 16).

In the embodiment, cell rows A, B, C and D include ten cell
blocks (2, 3) which are connected in series.

FIG. 2 shows, by way of example, a call block 3. In the
embodiment shown, the cell block 3 includes three individual
cells 4 which are connected electrically in parallel and of
which the connections are connected in each case to cell
connector 7. The connectors Z form respective connection
poles (5, 6) of the cell block 3.

As shown in FIG. 1, the cell blocks 2 are formed from two
individual cells 4 which are connected in parallel; a cell block
can also be formed from just one single individual cell 4. A
cell block (2, 3) expediently includes a plurality of individual
cells which are connected electrically in parallel and/or in
series.

The rechargeable battery pack 1, which includes four par-
allel cell rows A, B, C, D in the embodiment, is provided with
a plurality of compensation lines which are designated L, ,,
L, L, in general, where n can assume the number “0” to
“10” (0=n=<10). The compensation lines L, L,,, L, are
provided as electrical transverse links between the cell rows
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A, B, C and D. The compensation lines L,,,, L, ,, L,,. are not
absolutely necessarily required solely for the plausibility
check.

Cell connectors are situated between the individual cells 4
or cell blocks (2, 3) of respective rows (A, B, C, D). As shown
in FI1G. 1, the cell row A has the cell connectors (Zy,, Z; 45 25,5
2y ZapZspn Loy Ly Zg o Lo s L1 0,,) Which are also referred
to as cell connectors Z,,, (0=n=10) below. Accordingly, cell
row B has cell connectors Z, ,, that is, the cell connectors (Z,,
Ly s Loy, Ly Loy, Zsp, Ly, Lops Ly Loy, Z1) between the
cell blocks 3, the cell connectors being designated Z,,,
(0=n=10) in general. The cell connectors between the cell
blocks 3 ofthe cell row C are designated 7, thatis, Z_, Z, .,
Zoes Lags Lags Ls s Loes Loy Ly Loy 2y, and are generally
called Z,,. (0O=n=10). The cell connectors of the cell row D are
designated by reference symbol Z, , (0=n=<10), that is, Z,,
Zlds sz: sts Z4ds ZSd: Z6ds Z7ah ZSd: Zst ZlOd'

The cell connector 7, , is situated in the cell row A at the
same first point as the cell connector 7, , in the cell row B, the
cell connector Z, . in the cell row C and the cell connector Z, ,
in the cell row D. Therefore, each cell connector Z, , of the cell
row A is situated at the same n-th point as the cell connector
Z,,, in the cell row B, the cell connector Z . in the cell row C
or the cell connector Z,; in the cell row D.

The compensation lines L, ,, L, and L, . each connect the
cell connectors Z,, ,, 7., Z,,.and Z,, ,, which are situated at the
same n-th point in a cell row, of the cellrows A, B, C and D to
one another. Therefore, the cell connector Z,, which is situ-
ated at the sixth point in the cell row is connected to the cell
connector Z,, which is situated at the sixth point in the cell
row B, via the compensation line L, and the cell connector
Zs,, which is situated at the sixth point in the cell row B, for
its part is connected to the cell connector Z_, which is situ-
ated at the sixth point in the cell row C, of the cell row C via
the compensation line Lg,. The cell connector Z_ is also
connected to the cell connector Z,,, which is situated at the
sixth point in the cell row D, via the compensation line L.
Based on the schematic circuit diagram illustrated in FIG. 1,
the cell connectors which are situated at an n-th point in a cell
row A, B, C, D are each connected to the cell connectors,
which are situated at the same n-th point, of adjacent rows via
compensation lines L, ., L,,, L, .

Therefore, the cell connector Z_. is connected to the cell
connectors Z,, and 7, which are situated at the same point,
of'the adjacent cell rows B and D via the compensation lines
L, and L,.. Accordingly, by way of example, the cell con-
nector Z,, of the cell row B is connected to the cell connectors
7, and Z,_ which are situated at the same point in the cell
rows A and C via the compensation lines L,, and L,,.
Expressed in general terms, a cell connector (Z,,,, 7,55 Ze
Z.,.), which is situated at an n-th point in a cell row A, B, C or
D between respective cell blocks (2, 3), is electrically con-
nected to the cell connectors (Z,,,, Z,,s Zy0s Zna)s Which are
situated at the same n-th point of the parallel respective cell
rows (A, B, C, D), via a compensation line (L,,,, L,,,, L,,.)-

The parallel circuit of a rechargeable battery pack 1 illus-
trated in FIG. 1 has outer cell rows A and D and also inner cell
rows B and C. The cell connectors Z,,, and Z,,. of the inner cell
rows B and C are each electrically connected to the cell
connectors, which are situated on both sides of a cell row, of
adjacent cell rows.

The currents (I, 1,1, 1) flowing in the cell rows (A, B, C,
D) in the event of a load (discharging and charging of the cell
network 5) are detected, for example, across shunt resistors
across which the voltages U, U,, U_and U, drop. Therefore,
the respective currents 1, I,, I and I, in the cell rows (A, B, C,
D) can be detected by means of the voltage drop U, U,, U,
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and U,. The voltages U,, U,, U_ and U, are supplied to an
evaluation unit 10 via signal lines 140, the evaluation unit
comparing the tapped-off voltages U,, U,, U, and U, and,
therefore, the component currents [, I,, I. and I; and gener-
ating a signal when there is an implausible deviation in the
component currents (I, I,, 1, 1,).

Since the cell rows A, B and C are identical and are situated
parallel to one another, the same current (I, I,, 1) has to flow
ineach cellrow (A, B, C) at every time point. The currents (I,,,
1., 1) should therefore be approximately the same at each
time point; the evaluation unit 10 therefore checks whether
the voltages U,, U, and U, are approximately the same at a
time pointt,. Slight deviations in the magnitude of the voltage
U,, U,, U,) are ignored during this plausibility comparison;
there has to be a fault in one of the cell rows only when the
voltages (U, U,, U,) deviate significantly from one another
since only identical current values are plausible on account of
the identical structural design of the cell rows. In this way, the
comparison for plausibility can be evaluated in order to gen-
erate a signal as a function of the result of the plausibility, it
being possible to use this signal as a control signal for switch-
ing off the rechargeable battery pack by means of a switch 40
and/or 43 which is driven by the evaluation unit 10 via control
lines (41, 42).

An external load current I is split into the component
currents (I, 1,, I, 1), with the current 1, of the cell row D
being lower than the current in the other cell rows A, B and C
since the cell row D includes cell blocks 2 which have only
two individual cells 4 connected in parallel. The evaluation
unit 10 can therefore check -whether the tapped-off voltage
U, in the corresponding measurement is lower than the volt-
ages (U, U,, U of the parallel cell rows (A, B, C). If, for
example, the current I, in the cell row D increases on account
of a recharging effect between the cell rows, the voltage U,
increases, this being registered by the evaluation unit 10. The
detected voltages U, U,, U_and U, are no longer plausible
with respect to one another; a signal is generated which can be
used to switch off the rechargeable battery pack.

In the embodiment, the direct comparison of the detected
voltages U, U,, U_and U, reflects the ratio of the component
currents (I, I,, I, 1) or of the standardized component cur-
rents (I,,,, 1, .. 1., 1;,,) (FIG. 5) with respect to one another;
however, a calculated ratio V of the component currents (I,
I, I, 1)) or the standardised component currents (I, I, .,
I, 1;,) (FIG. 5) in relation to one another can also be taken
into consideration. Conclusions can be directly drawn about
the plausibility of the component currents (I, 1, I, 1)) from
the calculated ratio V of the component currents (I, 1,,1.,1,)
or the standardized component currents (I, I, . 1., 1z,
(FIG. 5). A permissible, plausible ratio V is, for example,
“one”, ifthe component currents (I,,,1,, 1) or the standardized
component currents (I, I, . I.,,) (FIG. 5) are compared to
one another in the cell rows of identical design. If the calcu-
lated ratio V deviates significantly from the predefined plau-
sible ratio, the required plausibility is no longer provided and
a signal is generated which can be used, for example, to
switch off the rechargeable battery pack.

Calculating a ratio is also understood to mean calculating a
difference signal between two component currents; a limit
value which must not be exceeded is predefined for a permis-
sible difference signal. In the case of identical cell rows, the
limit value is fixed at “zero”; if the difference signal deviates
significantly from the limit value, that is to say if the differ-
ence signal is greater than or lower than the limit value reflect-
ing a ratio, the component currents are no longer plausible
and a signal is generated.
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A plausibility comparison is also possible in a simple man-
ner by monitoring the mathematical sign of a component
current for a change in mathematical sign; the change in
mathematical sign can also be determined, for example, by
calculating the ratio of the component current in one cell row
at a first time point to the component current flowing in the
same cell row at a second time point. If the mathematical sign
of'a component current changes In the same cell row, there is
an implausible deviation; a signal is generated which can be
used to switch off the rechargeable battery pack.

The mathematical sign of a component current in parallel
cell rows can also be monitored in a simple manner by the
ratio between the component currents of the cell rows flowing
at the same time point in relation to one another being calcu-
lated; if the ratio is negative, the mathematical sign of a
component current has changed, this being classified as
implausible. A signal is generated which can be used to
switch off the rechargeable battery pack.

No absolute measurement values are required for a plausi-
bility comparison; complex algorithms and calculations for
deriving information from an absolute measurement value are
unnecessary. Since no absolute values are required, the
detected component currents (I, I,,1_,1 ) or the voltages (U,
U,, U, U,) which are proportional to the component currents
are standardized by standardization with respect to the num-
ber of individual cells which are situated in parallel in a cell
row. An implausible deviation can be determined solely from
the relative magnitude of the standardized measurement val-
ues relative to other standardized measurement values.

Therefore, the measurement values which are detected in
the cell row A are standardized with respect to the number of
individual cells 4 which are situated in parallel in the cell row
A, thatis to say divided by “three”; accordingly, the measure-
ment values which are detected in the cell row D are stan-
dardized with respect to the number of individual cells 4
which are situated in parallel in the cell row D, that is to say
divided by “two”.

In addition to the plausibility check of the currents (I, I,
1., 1) flowing in the cell rows A, b, C and D, the voltage at
potential points 20 to 29 and, respectively, 30 to 39 of the
parallel circuit can additionally be monitored.

The cell connectors Z,,, and Z,, , of the external cell rows A
and D form potential points 20 to 29 and, respectively, 30 to
39, with the voltage (U,,, U,,, U;,, U,,, Us,, Ug,, U, Usg,,
Us,, Uso,) (U,,,. where 1=n=10) or (U, Uy, Uz, Uyz, Usy,
Uszs Uszs Ugr, Ugr, U, o) (U7, where 1=n=10) between the
potential points being tapped off. Therefore, the potentials of
the potential points 20 to 29 on the lefi-hand side of the
rechargeable battery pack, thatis, the potential points 20 to 29
of the cell row A, are supplied to an evaluation unit 10 via
signal lines 120. Accordingly, the potentials of the potential
points 30 to 39 on the right-hand side of the parallel circuit,
that is, the potential points 30 to 39 of the external cell row D,
are supplied to the evaluation unit 10 via signal lines 130.

Ifthe individual cells 4 of parallel cell rows (A, B, C, D) are
of approximately the same thickness and in the same condi-
tion, no appreciable currents will flow via the compensation
lines (L,,,, L., L,,.) in the case of loading as in the inoperative
state. Therefore, the potential of the cell connector at the point
“2” in the one cell row will be the same as the potential of the
cell connector, which is situated at the same point “2”, of the
parallel cell row, the cell connectors being connected to one
another via the compensation line. If the cells age to different
degrees and, for example under loading, break down more
severely than other individual cells 4 of a cell row (A, B, C,
D), a compensation current will flow via a compensation line
(L,,0s L,1ss L) in order to support the weaker individual cell.
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On account of the compensation current in the compensation
line (L,,,, L, ;. L,.) and the voltage which is dropped across
the non-reactive resistor of the compensation line, the poten-
tials of the cell connectors which are connected to one another
will change differently. The potential difference between the
two cell connectors at the same point in parallel cell rows is
therefore a measure of the compensation current and there-
fore an indicator of a defective individual cell.

The detected voltages (U,,,, U, ;) or the detected potentials
are evaluated within the evaluation unit 10; the evaluation unit
is advantageously designed as a microprocessor and evalu-
ates the respectively detected potential using a corresponding
algorithm. A signal is generated depending on the result of the
evaluation, the signal preferably being supplied as a control
signal to a switch 40 via a control line 41, the switch being
provided in the positive connection pole 16 of the recharge-
able battery pack 1 in the illustrated exemplary embodiment.
In addition or as an alternative, a switch 43 can also be
provided in the negative connection pole 15, the switch being
driven by the evaluation unit 10 via the control line 42. The off
switches 40 and 43 are arranged in the housing 7 of the
rechargeable battery pack 1 and serve to switch off the entire
rechargeable battery pack 1 when the evaluation unit 10, on
account of deviations in the detected potentials U, and U, ,,
generates a signal and outputs the signal via the control line
41 or 42.

The switch 40 or 43 is preferably provided as an electronic
switch 44, in particular is in the form of a MOSFET.

During operation of the rechargeable battery pack, com-
pensation currents can flow via the compensation lines (L,
L., L,,.) in order to compensate for unequal charging quan-
tities in the individual cells 4. These compensation lines (L,,,,
L, L,.) are designed in such a way that they can reliably
conduct the compensation currents which occur during nor-
mal operation.

The compensation lines (L,,,,,, L,,;, L,,.) are advantageously
designed in such a way that they serve as fuses between the
cell rows and the cell blocks at the same time. If the compen-
sation currents are within the permissible limits during nor-
mal operation, charge distribution between the cell blocks is
performed in such a way that essentially an approximately
equal charge is stored in the cell blocks. Therefore, the poten-
tials at the potentials points 20 to 29 will each correspond to
the corresponding potentials at the potential points 30 to 39.
The evaluation unit 10 will therefore detect voltages U, ; at
the potential points 20 to 29 on the left-hand side of the
parallel circuit, the voltages corresponding approximately to
the voltages U, which can be determined between the poten-
tial points 30 to 39 on the right-hand side of the parallel
circuit. If, for example, the voltage U,,, is approximately equal
to the voltage U,,, it can be assumed that the cell blocks Z,,,
Z4py 7,4, and 7, , which are situated at the fourth point in the
cell rows (A, B, C, D) are operating correctly.

If, in contrast, a defect occurs in just one individual cell 4',
for example in the third cell block 3' of the cell row C,
increased compensation currents will flow via the compensa-
tion lines [, , and, respectively, L, and L5, and, respectively,
L. Since the compensation lines are advantageously in the
form of fuses at the same time, the compensation line L5, for
example, will melt in the case of an excessively high current.
Therefore, an interruption 50 in the compensation line L, is
assumed in FIG. 3. On account of the now missing compen-
sation current via the compensation line L;,, the state of
charge of'the third cell block 3' will change more quickly than
that, of the other cell, blocks (2, 3). However, the potential at
the potential point 33 on the right-hand side of the parallel
circuit with reference to the potential at the potential point 23
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on the left-hand side of the parallel circuit changes as a result.
On account of the potentials of the respective potential points
20 to 29 and, respectively, 30 to 39 which are supplied via the
signal lines (120, 130), the evaluation unit 10 can identify that
the voltage U, which is applied between the potential points
32 and 33 deviates from the voltage U,,; which is measured
between the potential points 23 and 22 on the other side of the
parallel circuit. A signal is generated on account of the devia-
tion, the signal, as a control signal, operating the switches 40
and, respectively, 43 in the rechargeable battery pack. The
rechargeable battery pack 1 is switched off. Further damage
to the individual cells is avoided.

The detected potentials U, and U, ; of the cell connectors
which are situated at the same n-th point are directly com-
pared with one another and a difference voltage AU is calcu-
lated in a simple manner, the difference voltage being perma-
nently compared with a threshold value U (FIG. 3). If the
difference voltage AU exceeds the threshold value U at time
point T, a signal is generated which leads, for example, to the
rechargeable battery pack being switched off. The fluctua-
tions in the difference voltage AU illustrated in FIG. 3 are
attributable to compensation currents in the compensation
lines which flow during operation; the difference voltage AU
increases to beyond the threshold value Ug and leads to the
rechargeable battery pack 1 being switched off only when the
compensation currents become excessively high or a com-
pensation line is interrupted in accordance with its character-
istic as a fuse.

As afurther, independent invention, provision can be made
for the parallel cell rows A, B, C and D of the individual cells
4 to form an imaginary matrix from ten rows (in general m
rows) of individual cells and four columns (in general n
columns) of cell rows A, B, C and D. The cell block (2, 3)
including individual cells 4 which contain a defect can be
established firstly by monitoring the voltage at the potential
points 30 to 39 and 20 to 29 and checking the plausibility of
the cell currents (1, 1,, I, 1) flowing in the cell rows A, B, C
and D. The row containing the defect can be determined by
comparing the potentials of the cell connectors (Z,,,, Z,, ), and
the column (A, B, C, D) containing the defect can be deter-
mined by checking the plausibility of the component currents
1,,1,, I and 1. If, as illustrated in FIG. 4, a switch is provided
in each cell row (A, B, C, D), the switch being in the form of
an electronic switch (M,,, M,, M_, M), in particular a MOS-
FET, in the exemplary embodiment according to FIG. 4, the
defective cell row (A, B, C, D) which is established in accor-
dance with the matrix principle can accordingly be discon-
nected by the corresponding switches (M, M,, M_, M,).
Expediently, however, the entire rechargeable battery pack is
switched off by the switches 40 and, respectively, 43 which
are arranged in the housing of the rechargeable battery pack 1.
Provision may also be made, when a defect occurs, to switch
off all the electronic switches (M, M,, M_, M) which are
situated in the cell rows at the same time, instead of the
switches 40 and 43 which are situated in the connection poles.

As indicated in FIG. 4, the currents (I, I,, I, 1) flowing in
the cell rows A, B, C and D can also be compared with a total
current [ ; which is detected at the connection pole 15 or 16 of
the rechargeable battery pack 1. In this case, the magnitudes
of the currents (I, I,, I, I,) flowing in the components to or
from the nodes 60 are firstly added up and secondly compared
with the current I;, which can also be stated as a value,
flowing in the connection pole 16 to the node 60.
Advantageously:
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Plausibility is only established when the calculated sum
current |11+I1,1+II_+1 ] corresponds to the total current I ; or
I15l. If the total, current is “zero” and a sum current is never-
theless determined, the result is implausible; a corresponding
signal is generated. It is therefore possible to establish
whether the rechargeable battery pack is still in working order
at any time via the plausibility check, for example in the
evaluation unit 10.

If compensation currents are produced on account of a
defect in a cell row, for example in the cell row C, a fault
current I can flow into the cell row C, for example from cell
row Dj; therefore the sum current of the individual magnitudes
of the currents I, 1+I1,1+I1_1+II relative to the magnitude of
the total current I ; changes, this being identified as a defect by
the plausibility check.

Inasimple manner, the component currents (1,,1,,1.,1,)in
the cell rows (A, B, C, D) can be detected by means of the
voltage (U,, U, U_, U,) which is dropped across the elec-
tronic switches (M, M,,, M, M), and therefore shunt resis-
tors are not required. The voltage (U,, U,, U_, U,) which is
dropped across the electronic switch is a proportional variable
to a flowing component current (I, 1., 1., 1,). If there is a
significant defect, the voltage which is dropped across a
switch (M, M,, M_, M,) can, for example, reverse, as is
illustrated by way of a dashed line in FIG. 4 using the example
of'the cell row D by the voltage U,

In the exemplary embodiment, the individual cells 4 are
based chemically on lithium; the individual cells 4 are advan-
tageously Li-ion cells, Li-polymer cells, LiFE cells or similar
cells. The individual cells 4 can also have a different chemical
structure, for example NiCd, NiMH or the like.

In a further exemplary embodiment of the plausibility
check, a maximum component current I, is established in
accordance with the flowchart in FIG. 5, which is continu-
ously run through, from all the detected component currents
(I, I, 1, 1), in particular the standardized component cur-
rents (I, ,, I, .. 1. .. 1,,), and used for a further evaluation. In
the flowchart, 100 designates the step of detecting the com-
ponent currents (I, I,, I, 1,) at a time point t;, and 200
designates the step of standardizing with respect to the num-
ber n of individual cells 4 which are connected in parallel in a
cell row in a cell block. In step 300, a maximum component
current 1, is selected from the standardized component
currents (I, I, .. 1., 1;,,) and, in the following step 400, a
difference current Al, between the maximum component cur-
rent [, and each of the other component currents I, is deter-
mined in each case. Therefore, if the standardized component
current I, is established as a maximum component current
Lo (Lox=1, ), the respective difference current Al, is deter-
mined as follows:

AL =1 (where I =1 )

AL=1,,0~1 (Where I,=1},,)

AI3=1,,,,~I; (Where I3=1, ,,)

In step 500, the maximum difference current AL, . is
selected from the determined difference currents (Al Al,
AL) and, in the following step of the decision diamond 600, is
compared with a predefined, permissible limit value I ;. If the
difference current AL, is below the permissible limit value
1, the process returns to step 100 via the branch 700 of the
decision diamond 600, in order to once again detect the com-
ponent currents at a following time point t, and to re-evaluate
the component currents in the following steps.

If the difference current Al,,. is above the permissible
limit value I, the process moves via the branch 800 of the
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decision diamond 600 to the next step 900 in which a signal is
generated which can be used to drive the electronic switches,
in particular the MOSFETs, in order to, for example, switch
off the rechargeable battery pack. The flowchart runs to
“STOP”.

It is understood that the foregoing description is that of the
preferred embodiments of the invention and that various
changes and modifications may be made thereto without
departing from the spirit and scope of the invention as defined
in the appended claims.

What is claimed is:

1. A protective circuit for an arrangement having a plurality
of individual cells in a rechargeable battery pack, wherein a
predetermined number of individual cells are connected in
series so as to form a cell row and at least a first and a second
cell row are arranged in parallel; the first cell row is config-
ured to have a first component current flow therein when a
load is applied to the battery pack and the second cell row is
configured to have a second component current flow therein
when a load is applied to the battery pack, said protective
circuit comprising:

a circuit device configured to compare the first component
current with the second component current to determine
whether an implausible deviation is present therebe-
tween and generate a signal when an implausible devia-
tion is present;

each of said cell rows having a plurality of cell blocks
arranged in series;

each of said cell blocks having at least two individual cells
arranged in parallel; and,

said circuit device being configured to standardize said first
and second component currents detected with the num-
ber of individual cells arranged in parallel in the corre-
sponding one of said cell rows.

2. The protective circuit of claim 1, wherein:

said circuit device is configured to calculate a difference
between the first and the second component currents and
generate said signal when said difference exceeds a pre-
given value (I5).

3. The protective circuit of claim 1, wherein said circuit
device is configured to standardize said first component cur-
rent and said second component current before comparing
said currents; and, said circuit device is configured so as to
cause said signal to be generated when said difference
exceeds a predetermined value (15).

4. The protective circuit of claim 1, wherein said implau-
sible deviation is derived from the ratio (v) of said first and
said second component currents to each other.

5. The protective circuit of claim 1, wherein said implau-
sible deviation is derived from a change of the mathematical
sign of said component currents.

6. The protective circuit of claim 1, wherein:

said battery pack is configured to output a total current (I5);
and,

said circuit device is configured to derive said implausible
deviation by comparing a sum of the magnitudes of said
component currents to said total current (I5).

7. The protective circuit of claim 1, wherein:

said battery pack has more than two parallel cell rows; and,

said circuit device is configured to compare said compo-
nent currents of each of said cell rows to each other.

8. A protective circuit for an arrangement having a plurality
of individual cells in a rechargeable battery pack, wherein a
predetermined number of individual cells are connected in
series so as to form a cell row and at least a first and a second
cell row are arranged in parallel; the first cell row is config-
ured to have a first component current flow therein when a
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load is applied to the battery pack and the second cell row is
configured to have a second component current flow therein
when a load is applied to the battery pack, said protective
circuit comprising:

a circuit device configured to compare the first component
current with the second component current to determine
whether an implausible deviation is present therebe-
tween and generate a signal when an implausible devia-
tion is present;

said circuit device being configured to determine a maxi-
mum component current (I ) from said component
currents detected; and,

said circuit device being also configured to determine a
difference current (Al,) between said maximum compo-
nent current (1,,,,,.) and said component currents detected
and compare at least one difference current (Al) with a
limit value (I15).

9. A protective circuit for an arrangement having a plurality
of individual cells in a rechargeable battery pack, wherein a
predetermined number of individual cells are connected in
series so as to form a cell row and at least a first and a second
cell row are arranged in parallel; the first cell row is config-
ured to have a first component current flow therein when a
load is applied to the battery pack and the second cell row is
configured to have a second component current flow therein
when a load is applied to the battery pack, said protective
circuit comprising:

a circuit device configured to compare the first component
current with the second component current to determine
whether an implausible deviation is present therebe-
tween and generate a signal when an implausible devia-
tion is present;

an evaluation unit; and, wherein:

said circuit device is configured to output measurement
values of said first and said second component currents
to said evaluation unit; and,

said evaluation unit is configured to conduct a plausability
test and to determine whether an implausible deviation is
present and to output an output signal when an implau-
sible deviation is present.

10. The protective circuit of claim 9, wherein each of said
cell rows has an associated switch configured to be controlled
by said evaluation unit.

11. The protective circuit of claim 10, wherein:

said circuit device is configured to detect the voltage drops
at said switches and output the detected voltage drops to
said evaluation unit; and,

said evaluation unit is configured to evaluate the voltage
drop at said switches as a proportional variable to said
component currents.

12. The protective circuit of claim 11, wherein said

switches are electronic switches.

13. The protective circuit of claim 11, wherein said
switches are MOSFETs.

14. A protective circuit for an arrangement having a plu-
rality of individual cells in a rechargeable battery pack,
wherein a predetermined number of individual cells are con-
nected in series so as to form a cell row and at least a first and
a second cell row are arranged in parallel; the first cell row is
configured to have a first component current flow therein
when a load is applied to the battery pack and the second cell
row is configured to have a second component current flow
therein when a load is applied to the battery pack, said pro-
tective circuit comprising:

a circuit device configured to compare the first component

current with the second component current to determine

max.
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whether an implausible deviation is present therebe-

tween and generate a signal when an implausible devia-

tion is present;

an evaluation unit;

said individual cells of each of said cell rows have respec-
tive cell connectors arranged between each other;

each of said cell connectors of one cell row having a posi-
tion therein which corresponds to the position of a cor-
responding one of the cell connectors in each of the other
cell rows;

aplurality of compensation lines electrically interconnect-
ing corresponding ones of the cell connectors of the
different rows;

each of'said cell connectors being at a potential (U, ,,
and,

said circuit device being configured to detect said potential

(U,,,) at at least one of said cell connectors of said first

cell row and said potential (U,,,) at the corresponding

one of said cell connectors of said second row and output
said potentials (U, ,;, U, ) to said evaluation unit.

15. The protective circuit of claim 14, wherein said evalu-
ation unit is configured to evaluate said potentials (U, ;, U,,)
with respect to each other and output a signal in dependence
on the result of said evaluation.

16. The protective circuit of claim 15, wherein said evalu-
ation unit is configured to compare said potentials (U,,,, U, ,)
directly to each other.

17. The protective circuit of claim 14, wherein said evalu-
ation unit is configured to derive a difference voltage (AU)
from said potential (U,,) at said one of said cell connectors of
said first cell row and said potential (U,,,) at said correspond-
ing one of said cell connectors of said second cell row and to
compare said differential voltage (AU) to a predetermined
limit value and to output a signal when said differential volt-
age (AU) exceeds said limit value.

18. The protective circuit of claim 15, wherein:

said battery pack has a housing;

said cell rows are arranged in said housing;

said evaluation unit is disposed in said housing; and,

said circuit device is configured to transmit said potential

(U,,;) detected at at least one of said cell connectors of
said first cell row and said potential (U,,) at the corre-
sponding one of said cell connectors of said second row
to said evaluation unit.

19. The protective circuit of claim 14, wherein:

said battery pack has a plurality of cell rows arranged in

parallel;

each one of said cell rows has a multiplicity of individual

cells connected in series via the cell connectors corre-
sponding to said one row;
each of said individual cells and cell connectors of one of
said cell rows has corresponding ones of individual cells
and cell connectors in each of said other cell rows; and,

each one of said compensation lines interconnects corre-
sponding ones of said cell connectors at like locations in
corresponding ones of said cell rows.

U,
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20. The protective circuit of claim 19, wherein:

said cell rows include said first cell row and a last cell row

connected in parallel with said first cell row;
the cell connectors of'said first cell row each have a poten-
tial (U,,));

said cell connectors of said last cell row each have a poten-
tial (U,,,);

said circuit device is configured to detect said potentials
(U,,,) at said cell connectors of said first cell row and said
potentials (U,,,) at said cell connectors of said second
cell row and output said potentials to said evaluation
unit; and,
said evaluation unit is configured to evaluate said potentials
U, U,,)-

21. The protective circuit of claim 14, wherein:

said parallel cell rows of said individual cells are config-
ured to form an imaginary matrix having m-rows of
individual cells and n-columns of cell rows;

said circuit device is configured to determine a defect by

row (m) by comparing said potentials of said cell con-
nectors and to determine a defect by column (n) as a
result of the implausible deviation determination.

22. The protective circuit of claim 21, wherein:

each of said cell rows has an associated switch configured

to be controlled by said evaluation unit; and,

said switches are configured to turn off said cell row in

which a defect has been determined.

23. The protective circuit of claim 22, wherein:

each of said cell rows has an associated switch configured

to be controlled by said evaluation unit;

said signal is a control signal; and,

said switches are configured to disconnect at least one of

said cell rows or said rechargeable battery pack on the
basis of said control signal.

24. A protective circuit for an arrangement having a plu-
rality of individual cells in a rechargeable battery pack,
wherein a predetermined number of individual cells are con-
nected in series so as to form a cell row and at least a first and
a second cell row are arranged in parallel; the first cell row is
configured to have a first component current flow therein
when a load is applied to the battery pack and the second cell
row is configured to have a second component current flow
therein when a load is applied to the battery pack, said pro-
tective circuit comprising:

a circuit device configured to compare the first component

current with the second component current;

first and second switches arranged in corresponding ones

of said first and second cell rows with first and second
voltage drops being present across corresponding ones
of said first and second switches; and,

an evaluation unit configured to control said first and sec-

ond switches and to detect and evaluate said voltage
drops as respective quantities proportional to corre-
sponding ones of said first and second component cur-
rent flows and generating a signal when there is an
implausible deviation of said first and second compo-
nent current flows from each other.
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